The purpose of this investigation was to evaluate the application of a spark-source mass spectrograph equipped with a spinning-electrode system for the study of various high molecular-weight materials derived from coal. Eight structural types having molecular weights from 178 to 252 corresponding to those substances previously seen in au electron-impact mass spectrum of the coal-tar pitch were affirmed by this technique. Easily interpreted mass spectra of phenanthrene, anthracene, and chrysene were obtained by the spinning-electrode system. lVfass spectra obtained from synthetic mixtures of anthracene and chrysene demonstrated that the technique is applicable for semiquanitative analysis.
INTRODUCTION
As part of a program at the Federal Bureau of Mines, designed to obtain information on the composition of various materials derived from coal, new mass-spectrometric techniques are continually being evaluated. The pitch fraction obtained from the hightemperature carbonization of coal in m a n y instances represents 5 0 % -6 0 % or more of the coal tar. Greater knowledge of the constitution of pitch could lead to more commercial uses of this large fraction of coal tar.
Mass spectrometry using electron-impact techniques has been extremely useful in studies of coal derivatives. 1 There has been a continuous extension of the molecular weight range of aromatic hydrocarbons investigated by mass spectrometry. This has resulted from the development of high-temperature inlet systems to volatilize sufficient sample for electron-impact mass spectrometry. Another approach to vaporizing high-molecular-weight materials has been the use of a heated sample probe directly in the ion source of a mass spectrometer. 2 At present only 5 0 % -7 0 % of certain coal-tar pitch fractions can be analyzed by electron-impact mass spectrometry. This limitation is primarily the result of the low vapor pressure of components with molecular weights above 400. A possible method to obtain more information on high-molecular-weight compounds present in coal tar is spark-source mass spectrometry. This technique is capable of vaporizing and ionizing almost any type of organic and inorganic solid.
The use of the spark-source mass spectrograph for the elemental analysis of solids has been reported by D e m p s t e P ; by Gorman, Jones, and Hipple4; by Hannay and AhearnS; and others. The impetus for the rapid growth of spark-source mass spectrometry in recent years has been the usefulness of this technique for the analysis of m i n o r --a n d , more recently, major --components 6 in semiconductors and metal alloys. I n 1963 Hodgson, Desjardins, and Baun 7 obtained spark-source mass spectra of several polynuclear aromatic hydrocarbons. The mass spectra obtained were very complex. There was evidence that the organic molecules were thermally degraded when exposed to the elevated temperature in the spark. These authors also reported the presence of polymers of several polynuclear aromatic hydrocarbons in mass spectra after the spark excitation. The complex spectra obtained did not lend themselves to simple interpretation for the analysis of organic compounds. F a u s t and co-workers have also reported a comparison of mass spectra of several polynuclear aromatic hydrocarbons obtained by conventional spark and electron-impact techniques, s
The newly developed spinning-electrode system of Hickam and Sandler 9 provides a means of minimizing some of the difficulties in interpreting the mass spectra of organic compounds.
This investigation has included (1) a partial study of the components in a coal-tar pitch (80°-85°C softening point), (2) 
I. EXPERIMENTAL
The 5Iattauch-Herzog double-focusing mass spectrograph used in this work has been described previously. 1° The resolving power of this instrument is about 1 p a r t in 500. The spark operates at 800 k c / sec with 20 ~sec pulses through a high-ratio stepup transformer. The instrument is also equipped with a step-slit monitor electrode. The steps are of equal height and have width ratios of 1, 3, 9, 27, and 81. Exposure times were of the order of 1 min for all spectra used in this study.
A 2-cm disk of organic material was prepared by taking approximately 0.03 g of powdered material and pressing it in a die at a pressure of 25 000 psi for 1 min. Because the organic material was nonconductive, it was necessary to vapor-deposit an aluminum film of a few hundred angstroms on the disk for the initiation and maintenance of the spark. A sche-matic drawing and a photograph of the spinningelectrode system are shown in Figs. 1 and 2. The disk was connected to a battery-operated motor in the ion source of the mass spectrograph and rotated at 1750 rpm. A pointed gold wire was used for the counter electrode. The linear velocity of the organic surface with respect to the counter electrode was 2 ~/~sec. A potential of 30-50 kV was applied between the point and the spinning surface at a frequency of 800 kc/sec. Figure 3 is a photograph of a phenanthrene disk used in both the stationary and spinning-electrode modes. The dark areas at the seven o'clock and two o'clock positions were produced by the stationarysparking technique. The series of dots barely visible in the marked area on the periphery of the disk resuited from the spinning-electrode system.
The mass spectra were obtained at the Westinghouse Research Laboratories in Pittsburgh, Pa., where the spinning-electrode technique was developed. Interpretations of the mass spectra were performed at the Pittsburgh Coal Research Center of the Federal Bureau of Mines.
II. RESULTS AND DISCUSSION
The intensities of the ions to be discussed are primarily based on visual observation and, therefore, can be classified only as weak (w) or strong (s). Mass assignments for all samples were commenced at mass 115, since little information for compound identification in this study was obtained from the lower mass region. Because of the limited resolving power (1 p a r t in 500) of the mass spectrograph used in this study, only nominal mass assignments (to nearest whole number) were made.
The spinning-electrode system serves as a means of minimizing the production of secondary products. The system brings fresh material to the spark at a rate which is compatible with the running frequency of the oscillator. Thus, on each half-cycle of the spark, only original material is ionized. The incremental volume of the spark-excited material is very small and has been estimated to be 10 -12 to 10 -1~ cc.
The time associated with the ionization of a single increment of sample in this geometry is believed to be a fraction of a microsecond. It was, therefore, postulated that the above parameters would reduce degradation, polymerization, and recombination of organic ion species. This, in turn, should produce relatively simple spark-source mass spectra. The spinning-electrode spectrum of anthracene is shown in Fig. 4 . Mass 178, the molecular ion, is the most intense in the parent mass region. "Weak lines that do not appear in the photograph were observed at masses 177 and 179 in the original plate. A spinning-electrode mass spectrum of phenanthrene (also molecular weight 178) was obtained. The spinning electrode mass spectra of anthracene and phenan-threne are very similar, as would be expected of isomeric structures.
The spinning-electrode spectrum of chrysene is also shown in Fig. 4 . I n the mass spectrum of chrysene, the most intense ion was also the molecular ion, mass 228. Intensities of the other 28 ions in the mass range 115-229 were very weak. Seven ions above mass 229 were in the spectrum. Adequate facilities were not available to measure line distances accurately on the plates, and so mass assignments could not be made. Of the seven ions above mass 229, three were moderately intense. I t is interesting to note that a low-voltage electron-impact spectrum of the chrysene sample used for the spinning-electrode excitation showed peaks at masses 234 and 242 which can be attributed to a benzonaphthothiophene and a methylchrysene structure, respectively. The above-mentioned structures could possibly account for two of the moderately intense ions which appear in the spark spectrum above mass 229. Because chrysene is the only compound having more than three condensed aromatic rings investigated to date, it is not known whether the increase in complexity of this spectrum over that shown for phcnanthrene and anthracene is a trend that will continue as the molecular weight increases. In contrast to the 35 fragment ions observed ia the spinning-electrode spectrum, the spark-source spectrum of chrysene reported by Hodgson, Desjardins, and Baun ~ showed 114 lines in the mass range 115-229 and also ionization at every mass between 230 and 264.
A spinning-electrode spectrum was obtained of a coal-tar pitch (80°-85°C softening point) that had been investigated previously by electron-impact techniques. 1 Because only a limited mass range can be recorded with this spark-source instrument, the highest mass detected in the spinning-electrode spectrum was 252. As shown in Table I , several aromatic structures previously identified in this tar fraction were detected by this technique. Lines in the mass range 178-252, attributable to aromatic structures having from three to five condensed rings, were observed. A spinning-electrode mass spectrum of the coal-tar pitch is shown in Fig. 5 .
To determine whether the spinning-electrode system could be used to obtain quantitative or semiquantitative data from simple mixtures, the spectra of three synthetic mixtures of anthracene and chrysene were obtained. These mixtures consisted of 80% anthracene-20% chrysene, 50% anthracene-50% chrysene, and 20% anthracene-80% chrysene, by weight. Figure 6 shows the mass spectra of these three mixtures. The intensities of the mass 178 and 228 lines, corresponding to anthracene and chrysene molecular ions, respectively, were determined using a densitometer. An analytical curve of the ratio of intensity (corrected for background) of anthracene to chrysene and the known ratio of anthracene to chrysene concentration for the three synthetic blends is shown in Fig. 7 . The ratio-of-concentration computation was used. 11 The analytical curve reveals that the method is applicable to semiquantitative analyses of anthracene-chrysene mixtures in the concentration range of 20%-80%. It is expected that the method is applicable for both higher and lower concentrations and can be extended to other organic mixtures.
III. CONCLUSIONS
The molecular ions of eight structural types previously found in a fraction of coal-tar pitch (80°-85°C softening point) by electron-impact studies were identiffed in the mass spectrum obtained with the spinning-electrode system. If an instrument with a higher mass range equipped with a spinning-electrode system were available, a major portion of the 30%-50% of the coal-tar pitch that remains as a nonvolatile residue by conventional mass spectrometric techniques could be investigated. Thus, more of the polynuclear aromatic hydrocarbons in coal-tar pitch having very high molecular weights could possibly be identified.
Analyses of binary mixtures of organic compounds indicated that at least semiquantitative results can be obtained by this technique.
The spark mass spectra of polynuclear aromatic hydrocarbons obtained with the spinning-electrode systems are much less complex than those obtained by the stationary-electrode technique. For example, the spectrum of chrysene obtained with stationary electrodes has approximately three times as many lines as the spectrum obtained using the spinning electrode.
The spinning-electrode method incorporates a short excitation time, a minimization of vapor-transfer distance, and continuous introduction of undegraded organic material for excitation. Consequently, the method provides a possibility for the analysis of organic materials not possible with conventional massspectrographic techniques.
